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Introduction
According to the new approved SI [1], further improvements are needed to improve Release 15 enabled URLLC use cases and to support more tighter URLLC use cases such as factory automation, transport industry, and electrical power distribution. The objective of this study item includes the following requirements:
· Higher reliability (up to 1E-6 level), higher availability, time synchronization down to the order of a few µs where the value can be 1 or a few us depending on frequency range, short latency in the order of 0.5 to 1 ms, depending on the use cases (factory automation, transport industry and Electrical power distribution)
· Relevant development in other work and study items to be taken into account.
For RAN1 work, the following items are identified for URLLC enhancements:
· PDCCH enhancements. Study focus on Compact DCI, PDCCH repetition, increased PDCCH monitoring capability 
· UCI enhancements. Study focus on Enhanced HARQ feedback methods (increased number of HARQ transmission possibilities within a slot), CSI feedback enhancements
· PUSCH Enhancements. Study focus on mini-slot level hopping & retransmission/repetition enhancements.
· Enhancements to scheduling/HARQ/CSI processing timeline (UE and gang), (for existing TTI durations)
In this contribution, we will discuss PDCCH enhancements to support URLLC requirements in Rel.16.
Discussion
2.1 Target BLER and latency requirements of PDCCH for URLLC 
Considering the reliability requirements of URLLC would be increased up to the level of 1E-6, the target BLER of PDCCH should be lower than 1E-6 since PDSCH/PUSCH can be correctly detected only when the corresponding PDCCH is accurately received. Moreover, the latency requirements of PDCCH should also be considered because the PDSCH buffering and processing timeline would be impacted by the latency of PDCCH. When the latency of PDCCH is low, processing timeline of PDSCH/PUSCH can be relaxed relatively. However, this translates to the reliability of one-shot PDCCH should be correspondingly higher. For the short latency in the order of 0.5 to 1 ms for URLLC in Rel.16, reliability and latency requirements of PDCCH would impact the design of PDCCH enhancements much. Then it is proposed to discuss and clarify the reliability and latency requirements of PDCCH to support URLLC.
Proposal 1: Discuss and clarify the reliability and latency requirements of PDCCH to support URLLC in Rel.16.
2.2 PDCCH enhancements to support URLLC
Compact DCI which was discussed in Rel.15 was expected to improve the PDCCH reliability due to low code rate. Moreover, PDCCH repetition was also discussed to benefit the reliability from performance gain of separate channel diversity or soft combination. During Rel.15, the benefits of new compact DCI and PDCCH repetition was evaluated and most of the simulation results show obvious performance gain with either of the two mechanisms. From our perspective, compact DCI and/or PDCCH repetition can be studied to meet the reliability and latency requirements of PDCCH for URLLC.
Proposal 2: Compact DCI and/or PDCCH repetition is studied to meet the reliability and latency requirements of PDCCH for URLLC.
· Compact DCI
Since the DCI format 0_0 and DCI format 1_0 serves fallback states and has less bit fields than non-fallback states. It is proposed to have DCI format 0_0 and DCI format 1_0 as starting point to design the compact DCI. As for the contents of compact DCI, there is some balance between the DCI scheduling flexibility and the performance gain of compact DCI. The more amount of reduced bits, the more coding gain could be obtained while the scheduling flexibility is much restricted. In Rel.15, most of the companies observed that at least 10 bits reduction is needed to get the benefits with compact DCI. “ frequency domain resource assignment”, “time domain resource assignment”, “modulation and coding scheme”, and “HARQ process number” were considered for bit reduction. This can also be the starting point for design of compact DCI.
Proposal 3: Have DCI format 0_0 and DCI format 1_0 as starting point to design the compact DCI. DCI contents reduction can start with “frequency domain resource assignment”, “time domain resource assignment”, “modulation and coding scheme”,  and “HARQ process number”.
· PDCCH repetition
Through multiple transmission, the reliability of PDCCH could be improved with diversity channel condition or soft combination. Similar performance as PDCCH repetition can be expected with higher aggregation level. However, higher aggregation level may cause PDCCH blocking because large amount of resources within a CORESET are used by one PDCCH. Furthermore, diversity gain is less possible with higher aggregation level than with PDCCH repetition since the channel conditions corresponds to one CORESET may be very similar. Therefore, PDCCH repetition is more preferred than higher PDCCH aggregation level for the reliability of PDCCH improvements. 
Proposal 4: PDCCH repetition is preferred than higher PDCCH aggregation level. 
From the latency perspective, PDCCH repetition through frequency domain is beneficial than through time domain. However, the frequency diversity gain is questionable with different CORSETs in the same PDCCH monitoring occasion in a serving cell. In frequency domain, PDCCH repetition in different serving cells could be considered.
When PDCCH repetition is through different PDCCH monitoring occasion, the bit fields relate to the timing relationship meets some trouble. For example, the interpretation of “Time domain resource assignment”, “Downlink assignment index”, “PDSCH-to-HARQ_feedback timing indicator” and etc in the DCI corresponds to the location where the PDCCH is transmitted. The value of these bit fields in each PDCCH repetition which locates on different PDCCH monitoring occasions may be different. This makes the multiple PDCCHs soft combination difficult. If the contents of PDCCH from different PDCCH monitoring occasions are always the same, more specification work is needed. For example, it is helpful to introduce mechanisms to enable the UE identify which PDCCH is repeated. Otherwise, PDCCH repetition in the time domain has to be restricted to a relatively small range to keep the same contents in order to get the soft combination gain. Since whether soft combination over time is allowed may impact the design of PDCCH repetition much, it is proposed to decide this rule as early as possible.
Proposal 5: Decide whether soft combination with PDCCH repetition over time is allowed as early as possible.
2.3 PDCCH monitoring 
In general, with new compact DCI introduced, the UE complexity of blind detection would be increased. If PDCCH repetition with soft combination over time is supported, additional blind detection efforts are also needed. It is reasonable that URLLC UEs which enjoys high reliability service has improved capability of blind detection. Even if the UE blind detection capability is not improved, the UE blind detection could be well controlled by higher layer configuration. For example, the number of PDDCH candidate per AL, the number of DCI formats that the UE should monitor in each search space are all under control with configurable RRC parameters. With proper configuration, the total UE blind detection capability can be not restricted to a reasonable range. Then it is unnecessary to care possible increased blind detection much when discuss compact DCI and PDCCH repetition.
Proposal 6: It is unnecessary to care possible increased blind detection much when discuss compact DCI and PDCCH repetition.
Conclusion
In this contribution, we discussed PDCCH enhancements to support URLLC requirements in Rel.16. The following proposals are reached about the rule of PDCCH design:
Proposal 1: Discuss and clarify the reliability and latency requirements of PDCCH to support URLLC in Rel.16.
Proposal 2: Compact DCI and/or PDCCH repetition is studied to meet the reliability and latency requirements of PDCCH for URLLC.
Proposal 3: Have DCI format 0_0 and DCI format 1_0 as starting point to design the compact DCI. DCI contents reduction can start with “frequency domain resource assignment”, “time domain resource assignment”, “modulation and coding scheme”,  and “HARQ process number”.
Proposal 4: PDCCH repetition is preferred than higher PDCCH aggregation level. 
Proposal 5: Decide whether soft combination with PDCCH repetition over time is allowed as early as possible.
Proposal 6: It is unnecessary to care possible increased blind detection much when discuss compact DCI and PDCCH repetition.
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